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Abstract 
The permeability experiments had been conducted under the same pore pressure and side compression but different 
axial stresses, meanwhile the experiments with same pore pressure and axial stress but different side compressions 
had been studied. The experimental apparatus included the triaxial osmoscope of CGMS gas-liquid relative 
permeability test system and the constant temperature system. The coal samples used were collected from qidong coal 
mine of anhui province. The results showed that when the pore pressure unchanged and the compression was at a 
certain range, the permeability of coal decreased with the increasing of stress. While the compression was unloaded, 
the permeability could not return to the origin value. This was mainly because that the plastic damage was generated 
owing to the effect of stress and adsorption. And the coal permeability of triaxial was consistent with that of quasi-
axial.  
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The existence of gas and the gas pressure gradient would reduce the strength of the coal [1]. So it is of 
great significance for gas management to study the gas seepage law. For years, there have been plenty of 
studies on gas seepage in coal-body [2-6]. These studies basically adopted quasi-axial loading method and 
prepared briquettes. Whereas during the mining process, the raw coal underground is generally under 
triaxial stress, and the stresses of the three directions are different from one another for the influence of 
the dip angle and the thickness of coal seam etc. Therefore, the experiment with three different side 
compressions would be more practical to the real scene situation. So far, there has been no study on 
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triaxial seepage experiment to raw coal sample. So in this experiment the triaxial seepage rule of raw coal 
sample was studied.    
1 Experiment equipments and methods 
The experimental apparatus adopted the CGMS gas-liquid relative permeability test system 
developed by China university of mining and technology (Beijing). The triaxial gripper was showed in 
Fig.1.  
 
Fig.1 the triaxial gripper 
The loading to coal with the gripper utilizes the hydraulic transmission principle. During the loading 
process, the stress of the coal actual bearing is inconformity with the display stresses of three directions. 
So it is needed to converse the display values into the true stress. And the conversion equations are 
showed as follows.   
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Where Ph (MPa) is the stress of horizontal direction that the coal needs to bear; Pv (MPa) is the stress of 
vertical direction that the coal needs to bear; Pa (MPa) is the stress of axial direction that the coal needs 
to bear; P1 (MPa) is the expriment pressure of horizontal direction that the manual pump needs to load; 
P2 (MPa) is the experiment pressure of vertical direction that the manual pump needs to load; P3 (MPa) 
is the experiment pressure of loop direction that the manual pump needs to load; P4 (MPa) is the 
experiment pressure of axial direction that the plunger needs to load.  
The coal samples were collected from qidong coal-mine of anhui province. Their size all are 
60mm×25mm×25mm. Considering the requirement of constant temperature in the experiment, it is 
difficult to ensure no gas leak. So to be on the safe side, CO2 was used in the experiment which has a 
bigger adsorbability than CH4. Meanwhile the darcy law was employed to calculate the permeability. 
For the cracks of the sample side faces, the samples surfaces were wiped with melt wax to avoid the 
leak out from the surfaces between the sample and the rubber lining. And then rubbed it down. Before the 
experiment, the samples was dried 24 hours at the temperature of 50℃. Moreover, the air tightness must 
be inspected firstly. 
2 The experiments   
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(1) Fixed two different side compressions and maintained the values unchanged. Then loaded the axial 
compression gradually. Finally unloaded the axial compression gradually until to the original value. 
Every time when the airflow was stable, the instantaneous flow could be written down. 
(2) Kept the axial compression unchanged, and fixed two initial values of each side compressions. 
Then loaded the side compressions step by step. Afterwards unloaded the side compressions to the initial 
values gradually. Likewise, the instantaneous flow could be written down while the airflow was stable.   
3 The results and data processing 
3.1 Coal sampleⅠ  
3.1.1 Load and unload axial compression 
  Fixed the horizontal stress and vertical stress at 19.07MPa and 15.44MPa respectively; kept the gas inlet 
pressure at 0.3MPa. Loaded the axial compression from the initial value of 12.82MPa to 34.19MPa by the 
step of 4.27MPa. The test conditions and the original data were showed in table 1. And the conversion 
results and permeability were shown in table 2. The Fig.2 showed the variation of permeability during the 
load/unload process. The Fig.3 showed the fitted curve of permeability varying with the axial 
compression during the loading; the Fig.4 unloading.  
Table 1 The original data of the conditions of load/unload axial compression  
Group 
number 
Tempreture 
(ºC) 
Gas inlet 
pressure 
(MPa) 
Horizontal  
stress 
(MPa) 
Vertical 
stress 
 (MPa) 
Loop 
stress 
(MPa) 
Axial 
stress 
(MPa) 
Instantaneous 
flow  
(cm3/s) 
1 20 0.3 20 16 10 6 55.6 
2 20 0.3 20 16 10 8 52.4 
3 20 0.3 20 16 10 10 49.2 
4 20 0.3 20 16 10 12 46.0 
5 20 0.3 20 16 10 14 41.6 
6 20 0.3 20 16 10 16 37.4 
7 20 0.3 20 16 10 14 38.2 
8 20 0.3 20 16 10 12 40.6 
9 20 0.3 20 16 10 10 41.8 
10 20 0.3 20 16 10 8 43.2 
11 20 0.3 20 16 10 6 44.8 
 
Table 2 The conversion results and permeability 
Group 
number 
Axial 
stress 
(actual) 
(MPa) 
Vertical 
stress 
(actual) 
(MPa) 
Horizontal  
stress 
 (actual) 
(MPa) 
Instantaneous  
flow  
(cm3/s) 
Permeability 
(md) 
1 12.82 15.44 19.07 55.6 2.108352 
2 17.09 15.44 19.07 52.4 1.987008 
3 21.37 15.44 19.07 49.2 1.865664 
4 25.64 15.44 19.07 46.0 1.74432 
5 29.91 15.44 19.07 41.6 1.577472 
6 34.19 15.44 19.07 37.4 1.418208 
7 29.91 15.44 19.07 38.2 1.448544 
8 25.64 15.44 19.07 40.6 1.539552 
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9 21.37 15.44 19.07 41.8 1.585056 
10 17.09 15.44 19.07 43.2 1.638144 
11 12.82 15.44 19.07 44.8 1.698816 
 
Fig.2 The variation of permeability during the load/unload process 
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Fig.3 The fitted curve of permeability varying with the axial compression during the loading  
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Fig.4 The fitted curve of permeability varying with the axial compression during the unloading  
3.1.2 Load and unload side compressions 
  Kept the axial stress at 12.82MPa. Loaded the vertical stress from the initial value 15.44MPa to 20.44 
MPa by the step of 1MPa; the horizontal stress from 19.07MPa to 24.07 MPa by the same step. And then 
unload the stresses to the initial values respectively. The original data of the conditions of load/unload 
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side compressions was showed in table 3. And the conversion results and permeability were shown in 
table 4. The bulk stress equaled to the sum of the stresses of three directions. The Fig.5 showed the 
variation of permeability varying with the bulk stress during the load/unload process. The Fig.6 showed 
the fitted curve of permeability varying with the bulk stress during the loading; while the Fig.7 unloading.      
Table 3 The original data of the conditions of load/unload side compressions 
Group 
number 
Tempreture 
(ºC) 
Gas inlet 
pressure 
(MPa) 
Horizontal  
stress 
(MPa) 
Vertical 
stress 
 (MPa) 
Loop 
stress 
(MPa) 
Axial 
stress 
(MPa) 
Instantaneous 
flow  
(cm3/s) 
1 20 0.3 20 16 10 6 44.8 
2 20 0.3 21 17 11 6 39.0 
3 20 0.3 22 18 12 6 35.2 
4 20 0.3 23 19 13 6 30.2 
5 20 0.3 24 20 14 6 22.6 
6 20 0.3 25 21 15 6 19.2 
7 20 0.3 24 20 14 6 19.8 
8 20 0.3 23 19 13 6 20.8 
9 20 0.3 22 18 12 6 21.6 
10 20 0.3 21 17 11 6 23.8 
11 20 0.3 20 16 10 6 26.4 
 
Table 4 The conversion results and permeability 
Group 
number 
Axial 
stress 
(actual) 
(MPa) 
Vertical 
stress 
(actual) 
(MPa) 
Horizontal  
stress 
 (actual) 
(MPa) 
Bulk  
stress 
(MPa) 
Instantaneous  
flow  
(cm3/s)） 
Permeability 
(md) 
1 12.82 15.44 19.07 47.3 44.8 1.698816 
2 12.82 16.44 20.07 49.3 39.0 1.47888 
3 12.82 17.44 21.07 51.3 35.2 1.334784 
4 12.82 18.44 22.07 53.3 30.2 1.145184 
5 12.82 19.44 23.07 55.3 22.6 0.856992 
6 12.82 20.44 24.07 57.3 19.2 0.728064 
7 12.82 19.44 23.07 55.3 19.8 0.750816 
8 12.82 18.44 22.07 53.3 20.8 0.788736 
9 12.82 17.44 21.07 51.3 21.6 0.819072 
10 12.82 16.44 20.07 49.3 23.8 0.902496 
11 12.82 15.44 19.07 47.3 26.4 1.001088 
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      Fig.5 The variation of permeability varying with the bulk stress during the load/unload process 
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Fig.6 The fitted curve of permeability varying with the bulk stress during the loading  
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 Fig.7 The fitted curve of permeability varying with the bulk stress during the unloading 
3.2 Coal sampleⅡ  
Fixed the horizontal stress and vertical stress at 17.26MPa and 14.54MPa respectively; kept the gas 
inlet pressure at 1.5MPa. Loaded the axial compression from the initial value of 21.34MPa to 44.87MPa 
by the step of 2.14MPa. The test conditions and the original data were showed in table 5. And the 
conversion results and permeability were shown in table 6. The Fig.8 showed the variation of 
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permeability with the axial stress during the load/unload process. The Fig.9 showed the fitted quadratic 
curve of permeability varying with the axial compression. 
Table 5 The original data of sampleⅡ  
Group 
number 
Tempreture 
(ºC) 
Gas inlet 
pressure 
(MPa) 
Horizontal  
stress 
(MPa) 
Vertical 
stress 
 (MPa) 
Loop 
stress 
(MPa) 
Axial 
stress 
(MPa) 
Instantaneous 
flow  
(cm3/s) 
1 20 1.5 18 15 10 10 8.8 
2 20 1.5 18 15 10 11 7.6 
3 20 1.5 18 15 10 12 6.4 
4 20 1.5 18 15 10 13 5.4 
5 20 1.5 18 15 10 14 4.2 
6 20 1.5 18 15 10 15 3.6 
7 20 1.5 18 15 10 16 2.8 
8 20 1.5 18 15 10 17 2.2 
9 20 1.5 18 15 10 18 1.8 
10 20 1.5 18 15 10 19 1.2 
11 20 1.5 18 15 10 20 1.0 
 
Table 6 The conversion results and permeability of sampleⅡ  
Group 
number 
Axial 
stress 
(actual) 
(MPa) 
Vertical 
stress 
(actual) 
(MPa) 
Horizontal  
stress 
 (actual) 
(MPa) 
Instantaneous  
flow  
(cm3/s)） 
Permeability 
(md) 
1 21.37 14.54 17.26 8.8 0.011917714 
2 23.507 14.54 17.26 7.6 0.010292571 
3 25.647 14.54 17.26 6.4 0.008667429 
4 27.78 14.54 17.26 5.4 0.007313143 
5 29.91 14.54 17.26 4.2 0.00568800 
6 32.05 14.54 17.26 3.6 0.004875429 
7 34.19 14.54 17.26 2.8 0.00379200 
8 36.32 14.54 17.26 2.2 0.002979429 
9 38.46 14.54 17.26 1.8 0.002437714 
10 40.60 14.54 17.26 1.2 0.001625143 
11 42.74 14.54 17.26 1.0 0.001354286 
12 44.87 14.54 17.26 0.6 0.000812571 
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Fig.8 The variation of permeability with axial compression of sampleⅡ  
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Fig.9 The fitted curve of permeability varying with the axial compression of sampleⅡ 
4 Experimental analysis 
It could be concluded from Fig.2,Fig.5 and Fig.7 that the permeability of coal samples decreases with 
the finitude increasing of any direction’s stresses. And the speed of decreasing was becoming lower and 
lower. It was because that the cracks have difficulty to close with the increase of stress. Moreover, after 
unloading the permeability could not return to the origin. This was due to the irregular fractures in the 
coal-body. So the gas seepage channels were compressed with the increase of stress, further the 
permeability reduced. Meanwhile, the stress and the adsorption effect of the coal induced plastic 
deformation in the coal-body. So the recovery of permeability lagged, and the permeability could not 
return to the origin after unloading.  
Combined the fitting curves of two samples, it could be found that the variation of permeability was 
more fit to negative exponent function. This was in accordance with the seepage rule of quasi-triaxial 
studies that had been done.  
 This experimental study confronted lots of difficult questions, and the questions had been settled one 
by one. Even so, there still are plenty of further works to do. But this study could provide some valuable 
experience for researching gas seepage rule in gas-contained coal.        
5 Conclusion  
The seepage rules in coal-body under different loading/unloading conditions with varying side 
stresses and axial stresses. It can be concluded from the experiment that: 
(1) At the certain stress range, the permeability of coal samples decreases with the increasing of axial 
stress under different side stresses. While the permeability increases as unloading the stress.  
(2) The permeability of coal samples decreases with the increasing of bulk stress. And the 
permeability of coal samples increases as unloading the bulk stress. It could be seen from the fitting 
curves that the variation of permeability with stress is more fit to negative exponent function. This 
indicates that the coal-body has the nonlinear property.  
(3) The permeability under two experimental conditions could not return origin after unloading. This 
demonstrates that coal is not elastic body completely. Meanwhile, the stress and the adsorption effect of 
the coal induces plastic deformation in the coal-body. And the gas seepage channels are compressed with 
the increase of stress. Further there are no significant increase of transfixion fractures. This increases the 
resistance of gas seepage. And so these lead to the permeability reduce. 
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